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NOTICE: When govermment or other drawings, specl-
fications or other data are used for any purpose
other than in connection with a definitely related
govermment procurement operation, the U. S.
Government thereby incurs no responsibility, nor any
obligation whatsoever; and the fact that the Govern-
ment may have formulated, furnished, or in any way

'supplied the sald drawings, specifications, or other

data is not to be regarded by implication or other-
wise &s in any manner licensing the holder or any
other person or corporation, or conveylng any rights
or pernission to manufacture, use or sell any
patented invention that may in any way be related
thereto. ’ :
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FOREWORD

This appendix to "Environmental Control Systems
Selection for Manned Space Vehicles" has been separated
‘from the main volume and classified principally because
of the possibility of suggestion or revealing portions
of Alr Porce planning programs or underlying concepts,
This report, as well as the main report to which it 1is
appended, 1s one of a series on space vehicle thermal

and atmospheric control systems.

This report is classified SkCRLY becsuse it describes an
offensive weapon systarn. :

ASD TR 61-240 Pt II, Vol II
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ABSTRACT _
This ~bstract is Unclassified

Pour versions of manned orbital reentry basepoint
vehicles are developed for the purposs of providing

reference points for determination of the thermal and atmos-
pheric control requirements of realistic vehicles, Two of
the vehicles (i.e., Vehicles 1A and 1B) were developed in
Phase I of this study series (ASD Technical Report 61-240,rt I)
and will only be summarized here. The remaining two vehilcles
(Ballistic Reentry and Ienticular Reentry) are presented in
greater detail in this report. -

In addition to the development of speciflic vehilcles,
general data have been complled on the more important aspects
of manned space vehlcle deslign, (1.e., flight vehicle power,
structures, effects of meteoroids, mission equipment, and

_examination of these general data for environmental require-

ments.,

PUBLICATION REVIEW

' This report has been reviewed and is approved.

ILLIAM C. SAVALE

Chlef, Environmental Branch
Flight Accessoriles laboratory

FOR THE COMMANDER:

ASD TR 61-240, Pt IT, vol1Ir - 1ii -
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: Appendix I

MISSIONS, VEHICLES, AND EQUIPMENT

: As stated in Section II of Volume I, the purpose of

1 . developing speclfic hypothetical vehicles 1s to provide

] = : tangible reference points for determination of the thermal

’ and atmospheric control system requirements of realistic

manned space vehicles. These vehicles serve as a means for:

(1) identification of environmental factors such as cabin

heat rejection, solar and aerodynamic heating, cabin pressure

losses, and cabin atmospheric contamination; (2) establish-

ment of environmental requirements of crew and equipment;

(3) integration of thermal and atmospheric control systems

into realistic vehicles; and (4) development of trade data %
useful 1in selecting and sizing thermal and atmospheric i
control systems, _ {

The scope of this portlon of the study is limited to
the time perlod 1965 to 1975. Thus, projects Mercury and
Dyna Soar are considered to be pre-1965, while planetary
entry and landing misslons are consldered to be post-1975
(References 1 and 2). ‘

Primary emphasis to date has been placed on the manned
orbital reent vehicle whose mlssion would be global sur-
veillance and/or bombardment. This has been done inasmuch
as such a vehicle is probably of the greatest immedlate
military interest and inasmuch as such a vehlcle also serves
as an excellent model for thermal and atmospheric control
system design studies. Four varliations of this orbital re-
entry vehicle were developed to establish the influence of
crew size, mission duration, misslion equipment, and flight
vehicle power on thermal and atmospherlic control systems,
These three classes of the manned reentry vehicles were ;
developed in detall sufiiclent to accomplish the purposes ‘ - i
stated at the beginning of thils appendix. '

For convenilence, the three subclasses of the manned
orbital reentry vehicles have been designated as follows:

Vehicle 1A -- Five-man, 6-week, full-surveillance version
Vehicle 1B -- Two-man, l-week, full-survelllance version
Vehicle 2A -~ Five-man, 6-week, full-surveillance version
-Vehicle 3A -- Four-man, 6-week, bombardment version

Manuscript released by authors 13 July 1962 for publication
as an ASD Technical Report. :

‘1-
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. All four versions are boosted, orbital dohfigurations
with pllot controlled reentry trajectory, Vehicles 1A and 1B

are winged, Vehlcle 2A, ballistic, and Vehicle 3A, lenticular -

shaped. Vehicles 1A and 1B are briefly outlined here, A
detalled description wlll be found in Reference 3, Vehicles
2A and 3A are discussed in more detall in this section of
the appendix, S

VEHICIE 1A
Vehicle 1A is a five-man, 6-week version having a

complete complement of equipment for global surveillance,
The configuration and many of the design details of Vehicle

1A are shown 1n Figure 1, The baslc characteristics of this

version are as follows:

Crew size : 5

Gross launch weight ' 57,825 1b
Reentry weight 52,000 1b
Wing area 1325 ft2
Reentry wing loading 39.2 1b/frt?
Fuselage overall length - 86-1/2 ft
(w/o flight vehicle power unit) ‘
Fuselage diameter 8-1/4 ft

(maximum inside)

Total volume (separate on-duty, 1500 £t3
.off-duty, and equlpment com-

partments) :

Equipment and crew heat . "~ 20 kw (continuous
re Jection ‘ and nearly steady)
Flight vehlcle power Nuclear

Sweep 73 deg

Leading edge radius 6 in.

Nose radius 12 in.

An alternate power unit, a solar turboelectric
("Sunflower") system, is shown in Figure 2. Thils system
conslists of a 50-foot-~dlameter erectable parabolic reflector,
the turbine and working fluild, heat storage (possibly LiH),
orientation system, and assoclated structure.
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Figure 2 Alternate Flight Vehicle Power Systems for Vehicla 1A
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A weight summary for Vehicle 1A 1is presented on Table 1.
~ The total powpr requirement for the orpital phase 1s as

~follows:

ot el R ey K, A BT

Peak equipment requirements: _ 14,1 kw
Crew requirements (100-200 watts/man): 1.0 kw
Refrigeration: 5.0 kw
20,1 kv
Reentry power requirements for Vehicle 1A are tabulated
below:
Duration Power Energy
Function (sec) (kw) (kw-hr
Comm & nav 0.5150 2.7 3.8
Environmental control ‘
Refrigeration for above
Aerodynamic control 700-5100 40 (normal 24,3
: peaks)
74 (unusual 22.6
peaks)
11 (minimum) 3.5
Approach and landing 5100-5150 58 0.8
’ 55.0
- 5 -
SECRET
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- TABLE 1
WEIGHT SUMIMARY FOR VEHICLE 1A
Structure: - ‘ : 26, 300 1b
Wing . 11,600
Vertical tail 2,700
- ‘Fuselage : ' 7,950
. Landing gear ' 1,500
Engine section 150
___Surface cortrols 2,500
Power plant: _ 6,380 1b
Rockets 2,750 ‘
Rocket controls _ - 1c0
Fuel system : 1,000
Flight vehicle power 2,200
System (nuclear) = :
Reentry APU , 330
Fixed equipment: : 16,750 1b
Instruments 500
‘Hydraulics - 500
Electrical 730
Electrenics (6400 plus
structure) 8,0C0
s ' 1,750
T & A system ' 4,550
Food and Hz0
Data return capsules 600
Auxiliary gear ' 100
Weight empty : 49,420 b
Crew, fuel, and cther: ’ 8,395 b
Crew (5 men) 1,500
Fuel (abort/maneuver , 5,470
& retro)
Trapped fuel _ 400
Fuel (attitude control) 500
Ooil 25
Miscellaneous 600
‘| Launch gross weight ' 57,825 Ib
Orbital weight (2770 for maneuver) §5,050 (if all
mansuvering
Reentry weight (2700 for retro, fuel used)
350 for atﬁtude '
control) ] 52,600 n
-6 -
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'VEHICLE 1B

The size of the basic vehlcle and the duration of the t
mission have been varied in order to i1llustrate possible - g
crossover points for changes in flight vehicle power systems, ' t

- envirommental control systems and other subsystems, The
second version has purposely been kept similar in configura-
tion in order to facilitate comparison of any critical para-
meters. Accordingly, in what follows only the difference
-between Vehicle 1B and Vehicle 1A 1s summarized,

Vehicle 1B 1is a two-man, l-week version of the global ' i
surveillance vehicle as shown in Figure 3. A full complement

of reconnaissance equipment 1s Iincluded., Characteristics of
this verslon are as follows:

Crew size : ' 2
Gross launch weight 46,430 1b ok
Reentry welght 42,000 1b ' B
Wing area X : 915 ft - B
Reentry wing loading 46 1b/ft .
Fuselage length (W/0 flight vehicle .
power unit) 61-3/4 £t S
Fuselage width (maximum inside) 8-1/4 £t ok
Fuselage height (maximum inside) 7-1/2 £t b
Total volume (separable crew and 3 i
. equipment compartments) 1200 £t N
Equipment and crew heat rejection 20 kw (con-~ :
: tinuous and nearly :
steady) ' :
Flight vehicle power Nuclear or solar
. - - turboeleéctric

‘The weight summary for Vehicle 1B is given in Table 2.
As mentioned previously, reference 1s made to Phase I

of this study serles for a detailled description of Vehicles
1A and 1B (Reference 3). :

SECRET
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TABLE 2

WEIGHT SUMMARY FOR VEHICLE 1B

[OOSR sy

, | structure B . 20,0501
Vertical Tail f2c00

AR Fuselage - 6500

Landing Gear 1200
3 ' ' | Engine Section , 150

: _{Surface Controls 2200 _

~ Power Plant | 5,6C0 1b
Engine Controls 160

Fuel System 1000

Flight Vehicle Power 2200

System (Muclear)

Reentry APU 360

Fixed Equipment ‘ 15,050 Ib
{ . s '
Instruments : 400 |

, Hydraulics ' 400

: " {Blectrical 700

Electronics (6480 plus 3500

i automation plus structure

Furnishings 1000

T & A System, Focd & ‘

¢ 1 HO0 : 3550

; DPata Return Capsules 400

! Auxiliary Gear 160 .

| Weight Empty 0,700 b

-9 -
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TABLE 2 (Con’t)
- 'WEIGHT SUMMARY FOR VEHICLE 1B

SECRET

Crew, Fuel and Other 5,730 1b
Crew ( 2 Men) : 600
Fuel (Abort/Maneuver & [4380
Retro) '
Trapped Fuel 350
Fuel (Attitude Control) 175
Oil 25
Miscellaneous 200
Launch Gross Welght 1,430 b
Orbital Weight 44,200 1b
Reentry Weight 42,000 Ib
- 10 -
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BALLISTIC REENTRY VEHICLE

This section describes conceptual designs and charac-
teristics of ballistic type manned vehicles as they pertain

S ' to the thermal and atmospheric (T and A) control subsystem.
i ‘ MaJor emphasis 1s on the delineatlion of a base point vehicle

_ *  wWhose misslon requirements are the most severe from the
i ‘ standpoint of crew size and mission equipment. . Other vehicles
A to perform less severe missions are briefly described. A
o . significant T and A consideration resulting from this vehicular
: : _ study 1s that 1t appears necessary for the crew to leave the

- vehicle while it 1s in orbit to erect or at least to Inspect
or align certain pleces of large equipment, such as the solar
collector and the side looking radar.

The mission for which the base point vehicle is designed
is a six week earth orbital surveillance mission with a crew
of five men to operate the electronic and photographic equip-
ment and to fly the vehicle. References 4 and 5 furnished
useful information on the vehicle external shape and the
survelllance equipment required for the misslon.

.Configuratibn Selection

Earth Entry Considerations

The "ballistic" reentry vehicle is interpreted herein

as meaning primarily a non-winged vehicle, and possibly blunt
and symmetrical. The ri ors of a pure ballistic entry (load
factor of at least 8 g's) and the lack of atmospherlc maneuver-
ing capability suggest that a “"semi-ballistic" or 1ifting body
entry may be preferable, Various types of 1ifting bodles have
been econsidered for entry vehlcles, such as lifting cones,
half-cones and varlations thereof, and symmetric bodies with
_blunt faces that obtaln 1ift by flying at what would normally
be called a negative angle of attack. The latter type of
: vehicle can be considered an outgrowth of the Mercury type
j ballistic capsule and as such can be expected to have many of
L its characteristics proved during successful execution of the
Mercury program, It 1s the semi-ballistics, symmetrlc, blunt
faced vehlcle which is chosen for the present study; a hyper-
sonic I/D of about 0.5 with w = 50 will be seen to provide

a reasonable entry environmenp the symmetric shape is
:advantageous from the standpoint of launch stack configuration,
“and the blunt face forward entry minimizes or eliminates
erew repositioning for launch and entry, besides belng more
“"conventional® as per other arguments above.

- 11 -
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- Orbital Considerations

To satisfy the 6 week full surveillance mission require-
-ment with a crew of 5 men suggests that the orbital configura-
tion should have large down and up-looking areas to accommodate
the survelllance equipment and radiators and a volume sufficlent
to make 1ife comfortable for the crew so they may perform thelr
tasks with efficilency and alacrity. The problem i1s to provide
the necessary area for orbital operation, given a blunt reentry
shape which inherently has a low area to volume ratio,

Vehicle Evolution
(a) Modular Arrangements

Mission and 1ife support modules which are placed in
orbit permanently have the advantage of not being required
to withstand entry. An arrangement such as this would be
serviced via a shuttle vehicle. This concept lacks system
and operational flexibility, and maintenance and repair must
be performed in orbit. Also, for emergency return of the
crew from orblt, a reentry vehicle must always be at the
station. Rendezvous capabilities must be provided in the
shuttle vehicle.

A non-reusable modular concept would provide a very
flexible operational system. ILess ambitious missions can be
accomplished with reduced system launch welght, employing
modules tallored for the particular task.  As above, only the
reentry vehicle need be hardened for entry. However, 1t 1s
‘desired to return the equipment so it may be reused

(b) Integral Arrangements

As mentioned in the section on earth entry considerations,
a variety of seml-ballistic base point vehicle shapes may be
examined. . Since this study emphasizes the T and A system with
vehlcular concepts entering only as they effect the T and A
system, a comprehensive vehicle design trade-off is not in
order, Rather, an attempt will be made to retain the more
promising salient features of semi-ballistic bodies as they
pertain to reliability, simplicity, flexibility and growth
potential, and weight. It is recalled that the lifting
vehlcles presented in Phase I of this study reflected much of
.the Dyna-Socar technology and general vehicle shape. In a
somewhat similar fashion, the semi-ballistic shape will take
on certain aspects of the Mercury capsule, A notable change
1s the employment of aerodynamic 1lift during entry. This,
in turn, requires rounding off the corners of the blunt face
to avoid the possibility of extremely high heating rates on

- 12 -
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sharp edge. Also, rather than employ aerodynamic controls to
trim the vehlcle to angle of attack, the vehicle center of

- gravity is displaced from the center—line to provide the
desired trim condition, _

The vehicle is controlled by rotation of the resultant
force vector out of the vertical plane by rolling the vehicle
around the wind axis. This rolling maneuver 1s accocmplished
by reaction Jets which provide a couple about the wind axis,
Other reaction Jets are provided to damp undesired motions
in pitch and yaw, .

(¢) Combined Arrangements

In an effort to combine the desirable features of the
modular and integral arrangements in one vehicle, the follow-
ing concepts evolved, Always provide the same aerodynamile
shape for entry or abort, independent of mission and crew.
Additional volume for payload and crew 1is provided by adding

"rooms" to the basic vehicle. Area required to acccmmodate
the deployed orbital mission equipment is provided by rolling
out the "rooms" from the basic vehicle. For entry, the

"rooms" are rolled back to the launch configuration. Figure 4
1llustrates preliminary concepts of a vehlcle in the launch,
orbit, and entry phases of a misslon. Certain features of this
arrangement are as follows:

1. Mission flexibility and growth potential
inherent to the modular approach ls provided.
Removal of one or more rooms for less am-
biltious missions will result in a mininum
welght which must be boosted.

2., The disc-like shape of the rooms furnishes
- constant head room for the crew., Maxlimum

floor space for a glven wall length (cir-
cumference) is provided.

- 13 -
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3. The rate at which volume 4s added to the vehicle
18 very rapid in comparison to the increase in
diameter of the blunt face,

'4. The symmetrical launch stack configuration will
minimize booster stability problems,

5. By hardening the blunt face of the top module,
escape can be accomplished from any phase of the
mission in this module., If an emergency arises
in orbit the crew can enter this module, quickly

: - disconnect from the other modules and return to
; ' earth,

: 6. The orbital arrangement permits ingress and
egress of men and equipment through the exposed
"soft" portions of the vehicle.

7. Radiators, antennas, etc., and their mounting

- attachments are retracted wlthin the protection
of the basic vehicle "shell" for entry and
boost, thus maintaining a c¢lean aerodynamic
shape. Also, speclal coatings to provide de-
sired emittance characteristics during orbilit
are shielded from the boost and entry environ-
ment,

"~ 8, If desired, terminal recovery (by parachute or
parawing) of the individual modules may be
accomplished, rather than recover the entire
vehicle as an integral unit. ' ,

9. Complete system development 1s enhanced since
the possibility of employing permanently orblt-

. ing modules with rendezvous by another vehicle

i . 1s not precluded by this arrangement. Also,

! : special experiments such as artificial gravity

j modules, may be accommodated.,

i 10. The added complexity of the roll-out rooms will

' ‘accrue some weight penalties., However, the
elimination of wings from the vehicle may more
than make up for such welight penalties.

- 15 -
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Referring agaln to Figure U4, a number of 1tems are noted.
One, the external antenna array does not appear to require the
surface area provided by rolling out the intermediate section
of the vehicle, Two, all of the available floor space and
volume is really not utilized. Three, the large hatch required
to permit ingress and egress of antenna and radlators is a
potential leak source. Four, the manual erection of all of
the antenna as well as the space radiator may be too time
consuming and hazardous for the crew, These undeslirable
features are amellorated as illustrated by the vehlcle layout
on Figure 5., A discussion of the characteristics of this
base point vehicle from launch through terminal recovery
follows.

Selected Vehicle

- The selected base point vehicle as it 1is configured for
various phases of a mission is shown on Figure 5. The conical
shaped semi-ballistic vehicle is composed of the command or
escape module whlch is the top portion of the cone, the mission
module which is the bottom portion of the cone and contains an
off-duty area and a work area, and an adaptor section which .
Joins the two modules. This vehicle 1s connected to the
booster through the booster fairing. On top of the entire
stack 1s the escape tower and rocket motors. In the event of
an emergency on the pad or during boost, the solld propellant
escape motors would be fired, the escape module separated from
the rest of the stack and accelerated away at approximately
18-g's. The total impulse is sufficient to provide the
required displacement from the stack and altitude so that the
escape (cbmmand) module chute recovery system will deploy and
function properly. _ . S

During the boost a2ll of the crew are located in the
command module and the entire launch vehicle is controlled
from this module. During this portion of the flight the men
will be wearing pressurlzed sults and the command module
will also be pressurized. The escape tower and rocket motors
will normally be Jettisoned during this boost portion of the
flight. Once the desired orbit is attained, three of the
crew will enter the off duty area of the mission module,
check it for pressure integrity and activate the environmental
control for this area. Next the plns which connect the work
area and off-duty area are removed and the work area portion
of the milssion module is manually extended to position by
rolling it about the connectlng air-lock, This work area
1s now pressure checked and the environmental control
activated. Next, the solar collector, which is folded within
the booster fairing, 1s deployed by a crew member from within
the vehlcle and the main power system 1s activated. If nuclear
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‘power 13 employed, the reactor and shielding would 1ikewise be

stowed and deployed. It 1s noted that the rolling out of the
work area has exposed the unpressurized portion of the off-duty
area wherein various antennas are stored. A portion of the
crew will now egress from the vehicle via the centrally located

~air-loek in the work area and erect the stored equipment.

The Elint antenna array is actuated from within the work area
as well as the infra-red camera package, Note that in this

layout the amount of equipment to be externally deployed by

the crew is kept to a reasonable minimum. The space radiator -
has been incorporated into the booster fairing. = Also the
excess area and volume previously noted have now been utllized
for the Elint antenna and for non-pressurlzed storage areas,
thus reducing potential sources of leakage. Once the sur-
veillance equipment is activated and properly functioning, the
crew will remove thelir pressure suits and perform the normal
orbital mission duties. In the event of a serious emergency
arising in orbit, the crew may quickly leave thelr area and

_ enter the command module through the passageway lllustrated.

The command module may then be disconnected from the rest of
the vehicle and de-orbited with the solid propellant rocket

provided at the top of the module.

Normal maneuvering of the complete_vehiéle while in orbit

1s accomplished with hypergollc liquid propelled (5500 1bs of

50-50 NQHM/UDMH and Néoh) rocket motors composed of the gim-

balled englne adjacent to the off-duty area and the roll and
attitude motors on the command module.  Figure 6 is a sketch
of the vehicle in orbit which illustrates, perhaps a little _
more clearly, the antenna array and general vehicle orlentation.

. The solar collector is oriented to shade the remalnder of the
‘'vehicle, including the space radiator. When the orbital mission

is econcluded, the solar collector and space radiator (boost

fairing) are Jettisoned and the rest of the equipment restowed.
The work area portion of the mission module is rolled back into
position and locked and the retro-grade velocity 1s applied by

. the gimballed motor adjacent to the off-duty area to inlitiate

deorbit. Figure 7 is a sketch of the vehicle in its entry
configuration. ‘ : '

Figure 8 1llustrates an orbital configuration wherein
additional radiator area is shown. These radiator surfaces,
as required, may be desligned to be folded up between the work
area and the off-duty area. L
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Earth Entry.

Vbhicle Aerodynamics and Control

As mentioned previously, this selected vehicle 1s what is
frequently czlled a 1ifting body. When this symmetrical body
1s held at an angle of attack to the relative wind, a moderate
amount of 1ift will be produced. At an angle of attack of
approximately 35 degrees the vehicle produces a 11ft coefficient
of .51 and a drag coefficlent of 1,02, hence a L/D of .5. The
vehicle center of gravity 1s offset from the line of symmetry
to produce this self-trimming capability rather than aero-
dynamic control surfaces. Maneuverability is provided by
rolling the resultant force vector out of the vertical plane
to steer right or left, or to increase or decrease the longi-
tudinal range. However, the vehlcle, by virtue of rolling
about the wind axis always presents the same surfaces to the
relative wind, which simplifies the heat protection system.

The vehicle 1s rolled by reaction Jets located on the command
module which provide a couple about the wind axls. Undesired
motions in the pitch and yaw plane are damped by additional
rocket motors spaced about the command module.

Entry Environment

, Figures 9 and 10 are time histories of the entry from
400,000 ft, where the entry is assumed to begin, to 100,000 ft.
where the terminal recovery of the vehicle will be initiated.
Entry flight path angles of 5 degrees and 2 degrees are chosen

P as representative of a reasonable range of initlal entry con-

* ditions. Also shown on these figures is the stagnation point

: , heating rate of the vehicle and the integrated stagnation .
point heat load. Although the steeper entry has higher peak
heating rates, the more shallow entry has a higher integrated
heat load and is the more severe from the standpoint -of the
heat protection system. Table 3 summarizes the deorbit and
entry parameters of interest.

AHeaf Protection System

The heat protection system selected for thils vehicle
employs a charring ablator. Phenolic nylon was selected for
the ablation material due to its good insulating qualities.
Figure 11 shoxs the time history during entry of the stagnation

. polnt surface temperature, backface temperature and ablation
material thickness. It is desired to 1limit the peak backface
temperature to approximately 960°R to preserve the integrity
of the bond between the ablatlion material and the back-up
structure as well as to malntain a reasonable operating
temperature for the aluminum backup structure itself. It is

- P2 -
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seen from this figure that an ablator thickness of .,0918 ft
(1.1 inches) will satisfy the above requirements at the stag-
nation point, which is the location on the vehicle subjected
to the most severe heating conditions, Integrated heat loads
for other selected locatlions on the vehicle were computed and

~ the ablator thickness required to 1imit the backface tempera-
ture to 960°F was estimated, The location of the selected
points on both the misslon module and the command module are .

- 11lustrated on Table 4, Also tabulated are the estimated in-
‘sulator thicknésses required to 1imit the cabin wall and
impact bag temperatures to the values listed in the table.
Table 5 summarizes the structural material properties and:

- 1llustrates a typlcal section of the structural heat protection
system and the primary, or pressure wall, structure.

| Weight Summary

The vehicle weight summary appears on Table 6 and should
be conasldered an estimate rather than a precise weilght state-
ment. The boosted weight of the vehicle 1s 43,620 1lbs, and
entry weight 1s 33,340 1bs, Figure 12 shows the approximate
effect of cabin pressure on leakage rate and structure welght.
This information 1s included as possible trade-off data for
subsequent T & A considerations.

‘Terminal Recovery N : E

Since the aerodynamic characteristics of this vehlcle are 4
such that a2 normal runway landing cannot be executed, terminal ]
recovery of the vehicle will be accomplished by parachute, ‘ :
Initial drogue chute deployment 1is at approximately 100,000 ft.
The command module which contains the crew will separate from
the rest of the vehicle first and recover separately. The
mission module, whose chutes have been stowed in the adaptor
sectlon between the two modules, willl similarly be recovered.
Prior to the impact with the ground or water, the heat shleld
structure on the faces of the command and mission modules will
be extended (dropped down) thereby inflating the impact bags
wilth ambient air pressure. On impact, these bags which ar
equipped with blowout panels, will cushion the shock of 1anding
As an alternate consideration, the command module may be equlpped
with a parawlng rather than a chute to provide additional
maneuverability during the terminal recovery. In thls case,
it may be required to supply ejection seats for the crew for
off-the-pad escape.
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TABLE &,

'STRUCTURAL HEAT PROTECTION SYSTEM

_Winp , .

i MISSION Mgggff\\ﬂk. COMMAND AND ESCAPE MODULE
E:ﬁ ‘ Ablator(lf » Insulator Ablator Insulator
oint Thickness Thickness Thickness Thickness

No. Inches Inches Inches Inches

1 1.10 0.5(2) 1.36 0.5(2)

2 0.62 0.5(2) 0.77 0.5(2)

3 0.47 0.5(2) 0.59 0.5(2)

4 0.53 1.0(3) 0.66  2.25(1#)

5 0.0 1.0 0.25 2.25(*)

6 0.125 1.0(3) 0.125 - 5lpg(h)

(1) Requlred to 1imit ablator backface temberature to 500°F

(2) Required to‘limit impact bag temperature to 300°F

(3) Required to limit unoccupled cabin wall temperature‘to 200°F
(4) Required to limit occupied cabin wall temperature to 130°F
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Mission Power Demand

Table 7 indicates the estimated mission power demand for
all phases of the mission including a post landing period of
72 hours, The relatively low power demand during boost and
entry is due to the simple reaction motor control system

employed rather than the relatively high power demand hydraulic
system which may be employed 1f aerodynamic control surfaces
were utilized.

Other Véhicles

The design of the base point vehlcle 1s such that the
vehicle may be easily modified to accommodate milssions less
severe than the one described above., Table 8 indicates the
effect of mission and crew number on the vehicle pressurized
area and volume, The first mission and crew listed corres-
pond to the base point vehicle described herein. The second
mission and crew requirement is satisfied by the base point
vehlcle with 1ts work area removed. Its off-duty area now
becomes the work area for this mission, The smaller crew may
utilize the command module itself for off-duty area. The
third mission and crew listed may be accomplished with the
command module alone,

- 35 -
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TABIE 7,

* MISSION POWER DEMAND
FOR BALLISTIC VEHICLE

MISSION PHASE ' KW HOURS KW HOURS

Pre-launch 1.5 2(1) 3.0
Boost . 1.5 o2 0.3
Deploy Mission Equipment _ 1.5 2 . 3.0
Orbit | 22 1008 22167.0
Stow Miséién Equipment B 1.5 2 3.0
Orbit to Start of Entry 1.5 0.5 75
Earth Entry 1.9 0.25 475
Terminal Recovery 1.2 0.25 3
Post Landing .1 72 | 7.2

(1) Ground service power used for excess times

(2) Primary power for boost control is assumed to be provided
by the booster itself.
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EFFECT OF MISSION AND CREW NUMBER ON
'VEHICIE PRESSURIZED AREA AND VOLUME

‘ApJ.L5 u;?:qu, v 11, Vol 11 A ’Sf(RfT'

| VEHICLE

MISSION PRESSURIZ PRESSURIZ

AND CREW COMPONENT AREA - Pt 'VOLUME-Ft

6 Week Surveill-  Command Module 300 330

ance Mission, Living Area 634 1025

5 Man Crew Work Area 853 1732
TOTAL 1787 3087

6 We=k Surveill- Command and Living

ance Mission, Module _ 300 330

2 Man Crew Work Area a1 TI15
TOTAL 1077 1105

30 Hour, Limited Command, Living,

Mission Equipment, and Work Area

3 Man Crew in One Module 300 330
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LENTICULAR REENTRY VEHICLE

The overall weapon system concept results in a require-
ment for three basic orbiting components. First, there 1is a
requirement for a manned bombardment vehicle which houses the
basic control function in space. Secondly, a weapon cluster
1s required.  This 1s an unmanned weapon carrier which
combines and iIntegrates several weapons into a common orbiting
package to facllitate handling and servicing. The third
requirement 1s the weapon itself (Reference 6).

Mammed Bombardment Vehlcle

The bombardment and control vehicle is the primary
element of the system, since 1t actually contalns weapons
" within 1tself as well as exercises control of the remainder
of the weapons clustered near it. Thils vehicle, housing the
human element and the basic operational equipment, is the only
.portion of the system which 1s required to effect repeated
reentries through the earth's atmosphere. Thus, the design
criteria for this element of the system 1s much more severe
than those criteria Imposed on the other vehicles., The
lenticular control vehicle, then, becomes the system of primary
concern in describing conceptual designs for thermal and atmos—
pheric control subsystem studies.

- The structural criterila presented here are primarily
based upon the temperature and loading requirements associated
with the reentry phase of the mission and upon the injection
boost loadling. Secondary requirements include adequate
Insulation characteristics to assist in the control of the
internal enviromments, and special situations, such as meteorold
encounter and crew escape provisions.

General Arrangement

The manned bomber is a lentilcular shaped reentry vehicle
as shown in Figure 13. The disc-shaped configuration was
chosen for its greater usable volume avallable for weapon
storage and crew accommodations and for other advantages.

The volumetrlec efficiency of the disc with respect to a
cylindrical body is shown graphically in Figure 14, It has

a basic dlameter of 40 feet and a gross launch weight of

about 45,000 pounds. The vehicle functions as a manned
orbital bombing system with an internal armament load of four
winged reentry weapons and also acts as an orbital control

and maintenance center for additional unmanned weapon clusters.
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_ thg ma jor components 1s presented in Table 9.
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The operational mission design 1s 6 weeks duration at a nominal
orbital altitude of 300 nautical miles, with a2 crew of four
men, The vehlcle incorporates a jJettisonable crew compartment
capsule for emergency crew escape and a space shuttle service
vehlcle for inspection and maintenance of the weapon clusters.

External Configuration

: The external configuration of the manned bomber is shown
in Figure 15. The total projected planform area 1is 1548 square
feet which results in a normal reentry and landing wing loading
of approximately 23 pounds per square foot. The projJected
planform area noted includes the horizontal area between the
disc and the straight tralling edge, which provides the flap
area and also includes the movable horizontal stabilizer sur-
face located outboard of the vertical stabllizer surfaces.

The hinged tralling edge surfaces Inboard of the verticals
function as elevators during subsonic flight and landing.

The all movable horizontal surfaces located outboard of the
verticals can be actuated differentially to provlide roll control
as well as simultanecusly to provide pitch control, and are
.effective throughout the entire flight regime. The landing
gear conslsts of retractable skids mounted on the lower
fuselage surface.

With the gross launch welght of the manned bombardment
vehicle at 45,000 pounds, the useful load is 27,958 pounds,
including 8056 pounds for four winged weapons. A weight

summary of the manned vehicle including a weight breakdown of

Internal Arrangement

The internal arrangement of the vehiele is shown in
Figure 16, The vehicle 1s designed with four primary internal
compartments; the living quarters, work area, armament bay,
and crew escape capsule. Each compartment can be individually
isolated from the other three, should a puncture or leak make
one temporarily unusable. Repalrs could then be made to the
damaged compartment whlle the crew used the remaining compart-
ments for living and working quarters.

Crew Escape Capsule

The crew capsule functions as the vehilcle control center
during normal operation and as the crew escape capsule for an
emergency abort of the misslon. .The escape capsule 1is actually
a breakaway nose section of the vehicle, approximately 17 feet
long and 6 feet wide. The general arrangement of the escape
capsule 13 shown in Figure 17, and a weight summary is presented
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MANNED BOMBARDMENT VEHICLE WBIGHT SUMARY
Item - ’ ' " Weight (poﬁnds)
; S Struc'ture: ‘ ‘ : ‘ 8, 740
- Propulsion _ - 2,602
i ; Fixed equipment : _ 5, 700
x o ~ } Weight empty , : 17,042
Crew (4) | 1,000
Propellant (usable) o o
i Retro and maneuver . 9,125
o7 Attitude control S 250
2 Trapped propellant 190
Abort vehicle {(less crew) : 5,000
Service vehicle ’ 3,756
Pressurizing helium ’ . 51
Water ' 330
Weapons (4) 8,056
Tools and spare parts : 200
Useful load ’ 27,958
GROSS LAUNCH WEIGHT 1 45,000 |
Propellant : 9,375
Service vehicle propellant - 1,900
Water 330
Expendables . _ 11, 605
LANDING WEIGHT 33,395
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in Table 10, The capsule separates the crew living quarters
from the work area and provildes access to elther compartment
through a door in each side of the capsule., A sealant
material around the doors prevents leakage of the cabin air
during normal operation and 1is broken only when the capsule
i1s separated from the primary vehicle, The abort capsule
contains the crew stations for boost and reentry, the vehicle
control consoles, and the emergency power supply and life
support equipment needed for an abort mission. Exit from the
capsule after an abort is provided by the doors on each side
which serve as the passageway doors between the compartments
in normal operation., Separation of the capsule from the main
bomber vehicle 1s accomplished with a 50,000-pound thrust,
spherical, s0lid propellant rocket engine located on the aft
section of the escape capsule. The englne provides a burning
duration of about 10 seconds, The abort englne imparts an
initial acceleration of approximately 8.5 g to the capsule
which 1s sufficlent to escape the 5-psl overpressure wave
resulting from an explosion in the first stage booster during
launch from the pad. The l0-second burning duration ensures
sufficient altitude above the pad at burnout to permit re-
covery of the capsule with a parachute located in the forward
nose section of the capsule, which 1s enclosed with a Jettison-
able nose fairing. The recovery chute 1s sized to limit the
impact velocity of the capsule to approximately 25 feet per
second. :

Stabllization of the capsule 1is accomplished with four
foldout fins located on the aft section. Over-nose vision
for a normal vehicle landing is provided by translating the
nose section downward and exposing a flat plate windshield
in the forward pressure bulkhead of the capsule. Utilization
of this window fo:r observation from the crew compartment during
the orbital mission is also permissible. The environment of
the crew capsule, living quarters area, and working area compart-
ments is maintained for "shirt-sleeve" operation during the
orbital mission; however, all compartments contain sufficlent
volme for crew operation ln space sults,

Off-Duty Area

The off-duty area is the living quarters for the crew and
is located on the starboard side of the vehicle. This area is
designed with sufficlent volume and flow area to provide
comfortable living quarters and recreational area for the crew
during the extended mission duration of 6 weeks. The compart-
ment contains sleeping and sanitation provisions, food storage
and separation facilities, storable table, chalrs, and exer-
cise equipment., Sleeping nets with storage space below for

- 16 -
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TABLE 10

ESCAPE CAPSULE WEIGHT SUMMARY

Ttem Weight (pounds)
=:— — , e
Structure 1886
Propulsion 109
Pixed ecuipment 920 :
L Weight empty 2915 N |
Crew (4) 1000
Propellant 12085 v
Useful load 3085
GROSS LAUNCH WEIGHT " 6000
Propeilant 2085
Expendables 2085
LANDINNG WEIGHT 3915
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personal gear, books, etc., are located along the wall, Food
storage and preparatlon facilifies, plus miscellaneous storage
provisions, are located along the other wall. An alr lock
compartment provides access from the pressurized off-duty
area to the unpressurized weapons bay, or to the outside of
the vehlcle. Access to the on-duty work area 1s through the

- vehlcle control compartment.

On-Duty Area

The on-duty work area 1s located on the opposite side of
the vehicle., The work area contains all the display consoles
-and control edquipment for launching, monitoring, and control-
ling the weapons and controlling the unmanned weapon clusters,
the primary electronic equipment, and miscellaneous tools and
malintenance equipment, A generous allowance of volume for
the display consoles and electronlc weapon control equipment
permits easy access to all the equipment for maintenance and
repair, The primary environmental control, power supply and
miscellaneous vehicle support equipment 1s located around
the forward periphery of the off-duty and on-duty compartments.
The central floor area of the work area 1is kept open to permilt
freedom of movement for the crew for maximum efficiency and
convenience, Access to the outside and to the weapon storage
area l1s provided wlth an inter-connecting air lock compartment.

Weapon Storage Area

The weapon storage compartment 1s located in the aft
section of the vehicle on each side of the weapon launch bay
and provides storage space for four winged weapons - two on

~ each side of the displacing mechanism which is located on the
1ift coefficient of the vehicle. The weapon storage area is
an unpressurized compartment and 1s accessible from both the
on-duty and off-duty crew compartments through air lock compart -
ments.

Sufficient space is provlded for access to the weapons in
the storage area for maintenance, repair, checkout, and launch
procedures. The weapons are supported on rails in the storage
area which permit manual transfer of the weapons from the
stored position to the displacing mechanism for launch. During
the orbital phase of the mission, all weapons will be trans-
ferred, via the displac¢ing mechanism, after the shuttle vehicle
1s removed, and attached to the external surface of the vehlcle
in ready position., The shuttle 1s then returned to the dils--
placing mechanism and the vehilcle 1is ready to initiate a
strike using the attached weapons or using remotely located
clustered weapons, The vehicle is also in position to effect
an immedlate reentry, 1in case of emergency, by simply detaching

- 48 -
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the four weapons and leaving them in space to be recovered at
a later time.

"An alternate use of the weapon storage area will be as a
logistic cargo compartment for transporting fuel and replace-
ment parts as needed for service and repair of the unmanned
weapon clusters. ' : ‘

'Flight Performance

Aerodynamics

Primarily because of 1its excellent surface area-volume-
welght relationship, the lenticular shape has been chosen as
its satellite-reentry configuration for the manned bomber,
The basic disc shape 1s inherently unstable assuming a repre-
.sentative center of gravity location. However, control
surfaces, flaps, and speed brakes sultably located and con-
figurations tailoring can make the lenticular shape stable
“and, with other deslirable characteristics, a very satisfactory
manned reentry and landing configuration will evolve, A ,
Global Surveillance System using thls same basic lentlcular
concept 1s described in Reference 7.

nax 1S approximately 9, which will result in
excellent landing characterlstles, The IVT%ax at supersonilc

speed 1s about 2.0, and at hypersonlc speeds this value would
‘decrease to about 1.5 which 1s ample for reentry maneuvering.

Subsonic L/D

Entgy Performance

For all the entry trajectories, 1t was assumed that the
maximum 1ift coefficient capabilitles of the vehilcle was 0.70
occurring at an angle of attack of 51 degrees, The maxlimum
L/D of 1.5 occurs at @ = 14 degrees which corresponded to a
1ift coefficlent of 0.28. Four basic entry trajectories are
presented in Figures 18 through 21, In Figure 18 a manned
entry 1s shown initiated by a retrograde impulse of 200 feet
per second below circular orblt speed at 400,000 feet. The
entry is flown at a constant maximum l1ift~coefficlent and
results in the coolest leadlng-edge temperatures of those
trajectories studled. Two alternate entries are shown 1in
Figures 19 and 20. These trajectories were initia ted with
similar conditions, but 1lift is arbitrarily varied to repre-
sent a maneuvering entry. ILeading-edge temperatures encountered
during these entrles are conslderably higher and have been
accounted for in the structural design. Figure 21 presents
an entry initiated by a 500-foot-per-second retrograde lmpulse
in order that entry time may be reduced. This may be desirable
due to system malfunctions or solar flare and radiation warnings.
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-Thermodynamics

- 'The lenticular?shaped reentry vehlcle 1s favorable from
a heating standpoint, when compared to other reentry vehicle

-configurations, The leading edge of the disc may be treated

as a cylinder normal to the flow, which results in two-
dimensional flow is a reduction of the aerodynamic heating
rate to the leading edge of 1/02? or 0.707 of the heating

rate that would normally reach a hemisphere or blunted
cylinder durling a simllar entry misslon.

The disc-shaped configuration with control surfaces on
the aft portion of the vehlcle eliminates the problem of high
heating due to low shock interactions between conventional
fuselage nose and wing leading-edge surfaces. This problem

1s common to winged body l1lifting vehilcles.

Another advantage of the disc configuration is that large

leading-edge radii may be achieved. This results in a re-
~duction of the aerodynamlc heating rate that would be experienced

by thin-winged entry vehicles.
Structural Design

The manned bombardment vehicle must be capable of sup-
porting its flight and dynamic loadings throughout the mission
profile without sustaining permanent damage. The mission
profile of this vehlcle starts at the launching pad, continues

‘through 6 weeks in orbit, through reentering the earth's

atmosphere, and concludes with maneuvering to a landing.

After each mission, the airframe will require visual inspection
to detect any meteoroid damage or surface erosion. These minor
damages should be the only airframe service reduired prior to
the next flight.

In order to provide a reliable vehlcle for the accomp-
lishment of the above mission the structural design must
follow a rigorous program involving criterla, materlals, and
structural arrangement., The criteria 1s studled in four
phases that are consistent with the operational mission of
the vehicle. .

Ground Launch — A maximum axial load factor of NX = 8.0 g

. (1imit) is used. This load factor also accommodates engine

thrust overshoot.
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The structural temperature 1s unspecified, but 1is assumed
to be less critical than the reentry temperature. The above
~load factor 1s applied to the vehicle by the interstage sfruc-

ture through the main fore and aft longitudinal beams that
are adjacent to the personnel escape module, These beam caps
are reinforced locally at the Junction to the interstage and

the webs also serve as pressure 1solation members in the vehicle
cabin area,

~ Wind shears assoclated with the boost phase induce the
maximum bending moment in the interstage structure.

‘Orbital Flight — During this phase of the mission there are
essentlially no loads on the vehicle other than control thrusts.
These loads are so small that the structure, other than the
-immediate attachment, is designed by some other criteria, The
" primary structural problem during orbital flight 1s the pro-~
vision of a non-leaking pressure-tight cabin,

Reentry — Preliminary reentry trajectory studles, including
the effects of vehicle geometry, showed that a leading-edge
radius of 6 inches was sufficlent to keep the temperature
within the limits of coated graphite. Using this radlus,
time-temperature-load factor profiles were established for
several different reentry trajectories. The 1imits of these

. trajectories were the maneuvering range from cI.max to L/qmax
‘The C

L max reentry generates minimum structural temperatures,
but does not allow the maneuverabllity of lower CL profiles.

Emergency reéntry, utilizing maximum retro thrust, generates
_higher temperatures which are compatible with L/D reentry

; : max
temperatures. Maneuvering- from I/Thax to CL max provides

design points for combinations of high temperature and high
loads. The reentry profile for this conditlon is shown in :
Figure 19 and the resulting fuselage lower surface and upper
surface temperature profiles are shown in Figures 22 and 23,
respectively.

The cabin 1s'pressurized to 10 psi 1limit continuously -
from 10,000 feet altitude In the boost phase through the

6-week orbiting flight and reentry back to 10,000 feet
altitude,

Ianding — The normal landing load factor is limited to 2.0 g
1imit by pneumatic landing gear struts.
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fPropulsion Systems

There are three basic propulsion systems contained within
the manned bomber; the basic vehlcle maneuvering system, the
shuttle vehicle maneuvering system, and the crew abort system,
The crew abort system 1s a single-purpose system whille the
manned vehicle maneuvering system 1is integrated with the
shuttle vehicle system, as well as wlth the propulsion systems
contained in the unmanned weapon carrier or cluster, and in
the weapons themselves,

All of these systems (manned vehicle, shuttle vehicle,
clusters, and weapons) utilize the same storable, hypergolic
propellant combinatlon; nitrogen tetroxide and hydrazine,

' Naoh/uéﬂh‘ The main propellant storage is in the manned

vehicle, which has a capacity for 9375 pounds of propellant.
The shuttle vehicle capacity is 1900 pounds, while the cluster
and weapon (each) capacities are 700 pounds and 200 pounds,
respectively. , :

Because the manned vehlele contalns the majority of the
propellants the shuttle vehicle will be refueled from this
main supply, as required. The shuttle vehicle, in turn, will
top-off the supply in each cluster as it makes 1ts periodic
servicing trips. The cluster fuel supply 1s continuously
connected to the propellant tanks of each weapon 1n the cluster
and thus maintains the proper fuel level. If a weapon is fired
at a target, or otherwise disconnected frcm the cluster, auto-
matic check valves will prevent fuel leakage.

Top—off propellant requirements for the cluster and for
the weapons will be small; estimated to be less than 50 pounds
per complete cluster per 6 weeks period. The ratio of absorp-
tivity to emissivity of the external surface of elther spheri-
cal or cylindrical tankage can readlly be established such
that, in the spatial enviromment, the propellants can be
maintained between limits of +#O and +70¥, In the case of
spherical tankage this ratlio will be between 1.0 and 1.4,
while in the case of cylindrical tankage 1t will be between
4.5 and 7.0.

" The basic vehicle maneuvering system 1s normally used to
establish precision orbits immediately after injection, and to
‘provide retrograde impulse prior to reentry. Alternate uses
of the maneuvering system will include a limited orbital

. maneuver capacllity for the manned vehilcle which can be used
to correct 1ts ephemeris after long perlod drift, or can
provide maneuvering functilons which may be required as a
result of speclal situations, such as a rendezvous reqQuirement.
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This engine provides a nominal 2000 pounds of thrust at
a very low chamber pressure of about 60 psi. BRecent tests
indicate that throttling to 5 percent of nominal thrust will
not be adversely affected by this low pressure gince stable
burning can be attained at chamber pressures as low as 1 psi
under vacuum conditions. This engine will be radiation cooled
and will provide unlimited restart capabllity. The expansion
area ratio will be about LO:1 which will give very good

specific impulse characteristics as well as providing extensive
area for cooling.

The propulsion system required for the shuttle vehicle
develops a nominal thrust of 200 pounds. Detaill characteris-
tics of this engline are identical to those of the manned
vehicle system except for thrust level.

The abort engine is a conventionally designed, spherical,
solid propellant 8ys stem producing 50,000~-pound thrust at sea
level. This i1s a "one-shot”" non-reusable system with a
compromise nozzle area ratio of about 8:1, because abort must
be performed throughout the entlre altitude range of the earth
boost trajectory.

Secondary Power

The manned bomber redquires two separate power systems;
one for the boost and reentry phases and another for the
normal 6-week orbital operation. Unfortunately, it is not
feasible to provide one system which can supply the energy
for both requirements.

Energy for the orbital operation can most feaslbly be
supplied from nuclear or solar sources because of the long
flight duration and relatively high continuous power level
required. Approximately 7 kllowatts willl be required con-
tinuously. Nelther of these systems are sultable for tha
boost and reentry phases.

The nuclear reactor cannot be activated until the
vehicle is in orbit, and on reentry, would probably be left .
in space to avoid the possible hazards assoclated with a hot
reactor should a crash occur on landing. Similarly, the solar
collector of a solar turboelectric system could not be erected
until in orbit, and would have to be dismantled or discarded
prior to reentry. Although it might be possible to devise a
heat storage reservolr of sufficient capacity with the solar
system to provide boost and reentry power, this could not
reasonably be placed in the control vehicle because of welght
and volumetrlc penalties.
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Orbital Power

The manned bomber will use a solar turboelecfric system
for 1ts orbiltal phase because of present nuclear reactor
shielding problems., The total welght will not exceed 800
pounds Including a 27-foot diameter, hinged solar collector-
radiator, This estimate is based on a 90-minute orbit with a
mean 35—minute dark perlod.

The solar collector will be similar In construetlion to
~ the SUNFLOWER design in that ti will consist of hinged petals
"which cah be expanded after an orblt 1is achieved. However, it
will also have a 500 F radiator on the back side to which a
circulating fluld will carry waste heat to be radiated Into
space, Orlentatlon of the collector toward the sun wlthin
‘#0.75 degree 1s accomplished by a reaction Jet attitude control
- system and a sun-seeking system which are integral with the
collector 1itself.

Light from the collector will be focused on a cavity
receiver in which a lithlum hydride storage unit 1s interposed
between the Iinterlor absorbing surface and mercury boiler
tubes. Thils storage unit will have sufficient capacity to
produce the required energy for the vehicle during the dark
perlods of the orbits.

A blnary Rankine-cycle conversion system will be utilized
to change the solar heat Into mechanical energy because 1t has
"high efficlency with minimum welght and size, Mercury and
steam are two possible fluids for the heat exchangers. :

The secondary fluld could lubricate the bearings on the
hermetically sealed package which contains the primary and
secondary turbines, the alternator and the pump, all of which
rotate on the same shaft. Although the maximum operating
temperature of this system will be 1200 F, the alternator
and bearings will be subjected to a maximum temperature of
250 F. ' :

Included in the heat englne will be a compact mercury
vapor condenser, a_secondary fluild boiler, a steam condenser
and assorted piping, fittings, and supports.

A T-kilowatt, 1000~csp, three-phase, 110-volt per phase
alternator will transform the turbine power into electrile
power, Voltage and speed control regulating units will auto-
matlically maintaln voltages and turbine speeds wilthin
prescribed limilts.
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Boost and Reentry Auxiliary Power

A sllver-oxide zinc cell battery will supply the peak
reentry load of 12 kilowatts for 10 minutes plus an average
1ocad of 7 kilowatts for a maximum time of 2 hours. This
battery will welgh approximately 200 pounds and have a volume
of 1-1/2 cubic feet. After each 6-week mission, the battery
will be replaced with a new unit, o ' :

Welghtwise, a eryogenic hydrogen-oxygen motor and genera-
tor would be better than a battery, and a hydrazine turbine
would be as good as a battery. However, considering cryogenic
storage for periods of as long as 6 weeks, a static battery
system 1s to be preferred over a rotating turbine, on the
basis of reliability and maintainability.

Installation

A number of difficult problems, including packaging of
the array, must be solved when designing a solar turboelectric
system for space. A possible packaging scheme 1s 1ndlcated '
in Figure 24, This scheme does not require the complete dis-
mantling of the solar collector and appears feasible. However,
external packaging will minimize the booster attach falring
length and may be the optimum installation method. The
position and attitude of the collector will be independent of
the vehicle except for the electrical connection between the

" eollector and the vehlcle. The electrical connectlon between

the collector-radiator and the vehicle requires bearings or
flexible couplings, all of which pose problems in a space
environment. Temperature gradients between.the front and

back of the collector-radiator can distort the collector .
structure and degrade the optical performance of the reflecting
surface, However, it 1s belleved that solutions to these
problems are posslble In the development time avallable,

Structural Arrangement

‘ The lnner sectlion of the vehilcle (approximately 30 feet
long and 30 feet wide) housing the equipment and personnsl
is defined as the fuselage and the remainder of the planform
is defiﬂed as the wing.

Hing Structure

- The wing structure is a multirib design with the ribs
orlented normal to the leading edge toward the forward half of
the vehicle and appearing as spars toward the rear half of the
‘vehicle, The ribs and spars are concentrated cap design and,
where needed, skin shear stiffness 1s achieved by adding a
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corrugated stiffening skin. The wing skins, ribs and spars v
are fabricated from c¢pated columblum alloy that 1s allowed to
heat up and reradlate. The wing structural arrangement 1s
presented pictorially in Figures 25 and 26,

The wing leading-edge radius is 6 inches. The nose .
portion of the leadling edge 1s fabricated from coated graphite
and 1s segmented tc minimize thermal strains.

Fuselage Structure

The fuselage structure is designed to function simul-
" taneously as a load transmission structure and as a thermal
protectlion system for the pressurlized crew compartment. This.
structure 1s baslcally a triple wall design consisting of an
outer radiation shleld, a honeycomb panel primary structural
shell, and an inner cabin shell. Each of these layers of the
fuselage shall are separated by a layer of insulation. A
typlcal structural arrangement of this shell 1s shown in
Flgure 27. : '

The outer radiation shileld (reradiating surface) consists
of many small independent panels that are attached to the
primary shell by minlmum attachment to minimize heat shorts.
These panels distribute the aerodynamic loads to the primary
structural shell and reach a temperature of approximately
2000 F on the vehicle lower surface and 1600 F on the vehicle
upper surface. -

- The primary structural shell is made of honeycomb sandwich
anels that are fabricated of brazed nicle base alloy (Rene! ‘
1) face sheets and core. Panel boundaries are afforded by

beams rather than tenslion webs to the far surface because with
the more optimum panel configuratlons, the tenslon webs would
render the fuselage space nearly unusable., Thils shell 1is

used to react and redistribute all flight and landing loads
and will, in general, be designed by cabln pressure with
reinforcements and fittings as are necessltated by localized
or concentrated loads. The general design of this primary
shell is based on a fuselage pressure of 10,0-psi 1limit and
an operating temperature of 1000 F. This design is shown 1n
parametric form in the curve of Figure 28. Thils figure shows
that the smallest feaslble square panel willl yield the optimum
structural design. However, other criteria such as compart-
mentalization and equipment installation or crew movement and
accessibility for service and malntenance of equipment during
orbltal flight necessitates a departure from optimum structural
design.
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SKIN WITH MILLED LANDS
FOR RIB CAP
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RIB WER

SECTION A-A

COLUMBIUM SKINS WITH MILLED
‘LANDS FOR SPAR CAPS

CORRUGATED
SPAR WEBS

SECTION B-B

Figu.i-e 26. Wing Structural Details
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Thermal Shlelding

- 8tructural and envirommental problemg, due to the high
temperatures induced during reentry, require the use of
thermal shilelding to control the peak temperature reached in
the personnel area. In the case of wing structure, where there
are no internal temperature limits, the use of shielded struc-
ture 1s precluded unless 1t proves lighter than hot radlating
structure, Because the wing of this vehicle 1s designed as a
hot reradiating structure this discussion 1s concerned with
the fuselage portion of the vehicle.

The above problem 1s solved, in part, by the use of
shingle-type heat shields. These shields are 24- by L4-inch
rectangular sandwich panels of corrugated annealed columbium
(F-48) designed to peak temperatures of about 2600 F, The
face sheets are 0.006 inch thick and the shear member is a 60
degree corrugated web that is 0.003 inch thick, Between these

- heat shlelds and the primary structure 1ls a layer of insulatilon
which limits the temperature of the primary structure to about
1200 ¥, A number of heat resistant materials and alloys,
among which is the nicle base alloy that was used in the design
of the primary structure, have good structural efficiency in
this temperature range. A layer of insulation between the
primary structure and the inner cabin further reduces the
temperature to something less than 200 F; depending on the
type, thickness, and whether or not it 1s evacuated.

Because it is mandatory, due to the presence of personnel
and temperature sensitive equipment, to provide a controlled
temperature in the fuselage, the dependence on these parameters
is .studied in greater detall. The simplest and most reliable
‘insulation is a dry-type system. If the insulation 1s operat-
ing in a vacuum, the thermal conductivity is approximately 1/5
of that at sea-level pressure. Studies of the reentry profile
Indicate that if the insulation chamber is vented to the out-
slde, the peak temperatures occur at an altitude where the
thermal conductivity is high approaching the sea level con-
ductivity value. This makes 1t desirable to evanuate the
insulation chambers.

"Evacuation of the outer Iinsulation compartment does not
appear feaslible because of the extreme temperature gradients
of the outer radiating surface. Because of these high
gradients, the outer surface heat shileld is segmented and the
accompanylng numerous Joints makes sealing impractical.
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The above considerations for cabin areas of the vehicle
leads to the conclusions that:

Inside wall maximum temperature = 200 F .
Maximum primary structure temperature = 1200 F
Maximum outside skin temperature = 2600 F
Insulation chambers should be evacuated
Outside surface should be segmented

From the above conclusions, 1t appears to be desirable
to split the required insulation, placing part of it outside
of the primary structure and the balance inside the primary
structure., The inboard insulation chamber can be evacuated
by producing a sealed primary structure capable of supporting
cabin pressure and then constructing an inner pressure vessel
that forms the cabin wall. This Inner vessel can be idealized
for pressure loadlng only; the outer primary structure supports
the flight and landing loads. By producing two pressure
vessels one inside of the other, each capable of supporting
the cabin pressure, the Insulatlon chamber between these two
vessels can be evacuated thus taking advantage of the improved
insulation characteristics., This inner insulation chamber can
be evacuated prior to reentry by controlled venting to space
and then closing the vents for reentry.

A sketch of this type of cabin wall construction is shown
in Figure 29. The curves of Figures 30 and 31 show the
resulting inner wall temperature as a function of insulation
thickness for this type of cabin wall construction.

Meteorold Encounter

The foregoing paragraphs of this section have delineated
the criteria and design philosophy based on the temperature
and loading conditions which would normally be encountered on
the specified misslon., Unusual environmental situatlons which
will develop, such as meteoroid encounter, must also be con-
sidered in the design.

Figure 32 shows the probability of at least one meteoroid.
encounter, as a function of meteoroid diameter. For example,

it is noted that an encounter with a meteoroid of 0.12 inch
diameter would be anticipated with a 0,88 probability.
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Pigure 33 shows the required shield thickness needed to
ensure zero puncture at various probabllity levels, It can
be concluded that for a cabin area wall thickness of 0,020
aluminum, which is otherwise a structural requirement, a 0.96
probability of not experlencing a puncture can be achieved,

These two figures are representative of an average
integrated area of 1260 square feet, representative of the

selected vehicle design, exposed to meteoroidal material for
a period of 6 weeks.
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DEPARTMENT OF THE AIR FORCE

HEADQUARTERS AIR FORCE MATERIEL COMMAND

WRIGHT-PATTERSON AIR FORCE BASE. OHIO y /b /200/

MEMORANDUM FOR DTIC/OCQ (ZENA ROGERS)

8725 JOHN J. KINGMAN ROAD, SUITE 0944
FORT BELVOIR VA 22060-6218

FROM: AFMC CSO/SCOC
4225 Logistics Avenue, Room S132
Wright-Patterson AFB OH 45433-5714

'SUBJECT: Technical Reports Cleared for Public Release (Case AFMC 00-265)

1. The following reports listed in the attached HQ AFMC/PAX Memo, 28 Dec 00, para 1.a., b.,
and c. were reviewed and cleared for public release in accordance with AFI 35-101, 1 Dec 99,

Public Affairs Policies and Procedures, Chapter 15.

e AD 330051
e AD 333266
e ADB972544

2. Please direct further questions to Lezora U. Nobles, AFMC CSO/SCOC, DSN 787-8583.

sl Vlsbtoa__

LEZORA U. NOBLES
AFMC STINFOQO Assistant
Directorate of Communications and Information

Attachment:
HQ AFMC/PAX Memo, 28 Dec 00, w/1 Atch



